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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re Patent Application of 

M. SAGAWA et al 
Serial No. 

Filed: March 27, 2002 

For: ELECTRON SOURCE, METHOD OF MANUFACTURE THEREOF, 
AND DISPLAY DEVICE 

PRELIMINARY AMENDMENT 

Commissioner for Patents 
Washington, D.C. 2 0231 

Sir: 

Prior to examination thereof, please amend the above- 
identified application as follows. 
IN THE CIAIMS 

Rewrite claims 1-4, 6, 7, 9, 12, 13, 16-21, 23-30 and 32 
as follows: 

1. (Amended) An electron source comprising: 

a plurality of electron source elements; and 
a plurality of bus electrodes that apply a driving 
voltage to an electron source element in a first direction 
among the plurality of electron source elements, 

wherein each of the bus electrodes comprises: 

a thin film electrode electrically connected to 
an electrode of each of the electron source elements; and 

a thick film electrode electrically connected to 
the thin film electrode, said thick film electrode having a 
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film thickness thicker than that of the thin film electrode 
plating. 

2. (Amended) An electron source according to claim 
1, wherein the thin film electrode comprises a tungsten film. 

3. (Amended) A thin film type electron emitter 
comprising: 

a plurality of electron source elements, each of which 
has a structure in which a bottom electrode, an insulating 
layer, and a top electrode are laminated in this order, and 
each of which emits an electron from a surface of the top 
electrode when applying a positive voltage to the top 
electrode; and 

a plurality of bus electrodes that apply a driving 
voltage to a top electrode of an electron source element in a 
first direction among the plurality of electron source 
elements, 

wherein each of the bus electrodes comprises: 

a thin film electrode electrically connected to 

the top electrode; and 

a thick film electrode provided on the thin film 

electrode, said thick film electrode having a film thickness 
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thicker than that of the thin film electrode, and said thick 
film electrode being formed by plating. 

4. (Amended) A thin film type electron emitter 
according to claim 3, wherein the thin film electrode has a 
film thickness that is less than or equal to ten times as 
thick as a film thickness of the top electrode, and that is 
less than or equal to 2 0 nm. 

6. (Amended) A thin film type electron emitter 
according to claim 3, wherein the thin film electrode 
comprises a tungsten film. 

7. (Amended) A thin film type electron emitter 
comprising: 

a plurality of electron source elements, each of which 
has a structure in which a bottom electrode, an insulating 
layer, and a top electrode are laminated in this order, and 
each of which emits an electron from a surface of the top 
electrode when applying a positive voltage to the top 
electrode; and 

a plurality of bus electrodes that apply a driving 
voltage to a top electrode of an electron source element in a 
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first direction among the plurality of electron source 
elements, 

wherein each of the bus electrodes comprises: 

a thin film electrode that is integrated with 
the top electrode; and 

a thick film electrode provided on the thin film 
electrode, said thick film electrode having a film thickness 
thicker than that of the thin film electrode, and said thick 
film electrode being formed by plating. 

9. (Amended) A thin film type electron emitter 
according to claim 7, wherein the thin film electrode 
comprises a tungsten film. 

12. (Amended) A method of manufacturing a thin film 
type electron emitter according to claim 10, wherein in the 
step 5 of selectively patterning the thick conductive film, an 
open area where the insulating layer is exposed is formed in 
the thick film electrode; 

in the step 6 of selectively patterning the thin 
conductive film, an open area where the insulating layer is 
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exposed is formed in the thin film electrode inside the open 
area which is formed in the thick film electrode; and 

in the step 7 of forming the top electrode, the top 
electrode is formed so as to cover the thin film electrode 
that is exposed in the open area provided on the thick film 
electrode . 

13. (Amended) A method for manufacturing a thin film 
type electron emitter according to claim 10, wherein in the 
step 4 of forming the thick conductive film, the thick 

i 3 1 

P conductive film is formed by any of plating, sputtering, 

m 

D vacuum evaporation, chemical vapor deposition, and screen 
printing. 
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16. (Amended) A method of manufacturing a thin film 
type electron emitter according to claim 14, wherein in the 
step 4 of selectively forming the thick film electrode, an 
open area where the insulating layer is exposed is formed in 
the thick film electrode; 

in the step 5 of selectively patterning the thin 
conductive film, an open area where the insulating layer is 
exposed is formed in the thin film electrode; and 
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in the step 6 of forming the top electrode, the top 
electrode is formed so as to cover the thin film electrode 
that is exposed in the open area provided on the thick film 
electrode . 

17. (Amended) A method of manufacturing a thin film 
type electron emitter according to claim 14, wherein in the 
step 4 of selectively forming the thick film electrode, the 
thick film electrode is formed by any of plating, sputtering, 
vacuum evaporation, chemical vapor deposition, and screen 
printing. 

18. (Amended) A display device comprising: 
a first substrate including: 

a plurality of electron source elements; and 
a plurality of bus electrodes that apply a 
driving voltage to an electron source element in a first 
direction among the plurality of electron source elements ; 
a frame glass; and 

a second substrate having a phosphor ; 

wherein a space surrounded by the first substrate, 
the frame glass, and the second substrate is allowed to be a 
vacuum atmosphere; and 
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wherein each bus electrode of the first substrate 

comprises : 

a thin film electrode electrically connected to an 
electrode of each of the electron source elements, said thin 
film electrode having a film thickness that ranges from one 
tenth to ten times as thick as a film thickness of the 
electrode of the electron source element, and that is less 
than or equal to 2 0 nm; and; 

a thick film electrode electrically connected to the 
thin film electrode, said thick film electrode having a film 
thickness thicker than that of the thin film electrode. 

19. (Amended) A display device according to claim 18, 
wherein the thin film electrode has a film thickness that is 
less than or equal to 10 nm. 

20. (Amended) A display device according to claim 18, 
wherein the thin film electrode has a film thickness ranging 
from 1 to 9 nm. 



21. (Amended) A method of manufacturing a thin film 
type electron emitter comprising: a plurality of electron 
source elements, each of which has a structure in which a 
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bottom electrode, an insulating layer, and a top electrode are 
laminated in this order, and each of which emits an electron 
from a surface of the top electrode when applying positive 
voltage to the top electrode; and a plurality of bus 
electrodes comprising a thin film electrode integrated with 
the top electrode, and a thick film electrode that is provided 
on the thin film electrode, and that has a film thickness 
thicker than that of the thin film electrode, said plurality 
of bus electrodes applying driving voltage to a top electrode 
of an electron source element in a first direction among the 
plurality of electron source elements, 
said method comprising: 

a step 1 of forming the bottom electrode ; 

a step 2 of forming the insulating layer; 

a step 3 of forming a thin conductive film on the 
bottom electrode and the insulating layer; 

a step 4 of selectively forming a thick film electrode 
on the thin conductive film by plating or printing; and 

a step 5 of forming the thin film electrode and the 
top electrode by selectively patterning the thin conductive 
film. 
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23. (Amended) A method of manufacturing a thin film 
type electron emitter according to claim 21, wherein the thin 
film electrode comprises a tungsten film. 

24. (Amended) A display device comprising: 
a first substrate including: 

a plurality of electron source elements; and 
a plurality of bus electrodes that apply a driving 
voltage to an electron source element in a first direction 
among the plurality of electron source elements; 
a frame glass; and 

a second substrate having phosphor, 

wherein a space surrounded by the first substrate, the 
frame glass, and the second substrate is allowed to be a 
vacuum atmosphere; and 

wherein each bus electrode of the first substrate 
comprises : 

a thin film electrode electrically connected to 
an electrode of each of the electron source elements, said 
thin film electrode having a film thickness that ranges from 
one tenth to ten times as thick as a film thickness of the 
electrode of the electron source element, and that is less 
than or equal to 2 0 nm; and 
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a thick film electrode electrically connected to 
the thin film electrode, said thick film electrode being 
thicker than the thin film electrode, and said thick film 
electrode being formed by plating. 

25. (Amended) A display device according to claim 24, 
wherein the thin film electrode comprises a tungsten film. 

26. (Amended) A display device comprising: 
a first substrate including: 

a plurality of electron source elements, each of 
which has a structure in which a bottom electrode, an 
insulating layer, and a top electrode are laminated in this 
order, and each of which emits an electron from a surface of 
the top electrode when applying positive voltage to the top 
electrode; and 

a plurality of bus electrodes that apply a 
driving voltage to a top electrode of an electron source 
element in a first direction among the plurality of electron 
source elements; 

a frame glass; and 

a second substrate having phosphor, 

10 
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wherein a space surrounded by the first substrate, the 
frame glass, and the second substrate is allowed to be a 
vacuum atmosphere; and 

wherein each bus electrode of the first substrate 
comprises : 

a thin film electrode electrically connected to 
the top electrode, said thin film electrode having a film 
thickness that ranges from one tenth to ten times as thick as 
a film thickness of the top electrode, and that is less than 
or equal to 2 0 nm; and 

a thick film electrode provided on the thin film 
electrode, said thick film electrode having a film thickness 
thicker than that of the thin film electrode, and said thick 
film electrode being formed by a plating. 

27. (Amended) A display device according to claim 26, 
wherein the thin film electrode has a film thickness ranging 
from 1 to 9 nm. 

28. (Amended) A display device according to claim 26, 
wherein each of the thin film electrode and the thick film 
electrode has an open area where the insulating layer is 
exposed; 

11 
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the open area, which is provided in the thick film 
electrode, is larger than the open area provided in the thin 
film electrode; and 

the top electrode is provided so as to cover the thin 
film electrode that is exposed in the open area provided in 
the thick film electrode. 

29. (Amended) A display device according to claim 26, 
wherein the thin film electrode comprises a tungsten film. 

30. (Amended) A display device comprising: 
a first substrate including: 

a plurality of electron source elements, each of 
which has a structure in which a bottom electrode, an 
insulating layer, and a top electrode are laminated in this 
order, and each of which emits an electron from a surface of 
the top electrode when applying positive voltage to the top 
electrode; and 

a plurality of bus electrodes that apply a 
driving voltage to a top electrode of an electron source 
element in a first direction among the plurality of electron 
source elements; 
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a frame glass; and 

a second substrate having phosphor; 

wherein a space surrounded by the first substrate, the 
frame glass, and the second substrate is allowed to be a 
vacuum atmosphere; and 

wherein each bus electrode of the first substrate 
comprises : 

a thin film electrode that is integrated with 
the top electrode; and 

a thick film electrode provided on the thin film 
electrode, said thick film electrode being thicker than the 
thin film electrode, and said thick film electrode being 
formed by plating or printing. 

32. (Amended) A display device according to claim 30, 
wherein the thick film electrode is formed by plating. 
IN THE ABSTRACT 

Pages 51 and 52, " ABSTRACT" section, delete this section 
in its entirety and replace with: 

ABSTRACT 

A thin film type electron emitter has a plurality of 
electron source elements, each of which has a structure in 
which a bottom electrode (11), an insulating layer (12), and a 
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top electrode (13) are laminated in this order, and each of 
which emits electron from the surface of the top electrode 
when applying a positive voltage to the top electrode; and a 
plurality of the bus electrodes that apply the driving voltage 
to the top electrode of the electron source element in the 
first direction among the plurality of electron source 
elements. Each of the bus electrodes comprises a thin film 
electrode (15) electrically connected to the top electrode; 
and a thick film electrode (16) that is provided on the thin 
film electrode, and that has a film thickness thicker than 
that of the thin film electrode. 



MATTINGLY, STANGER & MALUR 
1800 Diagonal Rd. , Suite 370 
Alexandria, Virginia 22314 
(703) 684-1120 
Date: March 27, 2 002 



REMARKS 
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MARKED UP VERSION OF REWRITTEN CLAIMS 

1- (Amended) An electron source comprising: 

a plurality of electron source elements; and 
a plurality of bus electrodes that apply a driving 
voltage to an electron source element in a first direction 
among the plurality of electron source elements, 

wherein each of the bus electrodes comprises: 

a thin film electrode electrically connected to 
an electrode of each of the electron source elements [, said 
thin film electrode having a film thickness that is less than 
or equal to a film thickness of the electrode of the electron 
source element] ; and 

a thick film electrode electrically connected to 
the thin film electrode, said thick film electrode having a 
film thickness thicker than that of the thin film electrode 
plating . 

2. (Amended) An electron source according to claim 1, 
wherein the thin film electrode comprises a tungsten film 
[thick film electrode is a metallic layer that is formed by 
any of plating, vacuum evaporation, chemical vapor deposition, 
and screen-printing] . 
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3 . (Amended) A thin film type electron emitter 
comprising: 

a plurality of electron source elements, each of which 
has a structure in which a bottom electrode, an insulating 
layer, and a top electrode are laminated in this order, and 
each of which emits an electron from a surface of the top 
electrode when applying a positive voltage to the top 
e 1 ec t r ode ; and 

a plurality of bus electrodes that apply a driving 
voltage to a top electrode of an electron source element in a 
first direction among the plurality of electron source 
elements, 

wherein each of the bus electrodes comprises: 

a thin film electrode electrically connected to 

the top electrode; and 

a thick film electrode provided on the thin film 

electrode, said thick film electrode having a film thickness 

thicker than that of the thin film electrode , and said thick 

film electrode being formed by plating . 

4. (Amended) A thin film type electron emitter 
according to claim 3, wherein the thin film electrode has a 
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film thickness that is less than or equal to ten times as 
thick as a film thickness of the top electrode , and that is 
less than or equal to 2 0 nm. 

6. (Amended) A thin film type electron emitter 
according to [any of] claim [s] 3 [to 5], wherein the [thick] 
thin film electrode [is a metallic layer that is formed by any 
of plating, vacuum evaporation, chemical vapor deposition, and 
screen printing] comprises a tungsten film . 

7. (Amended) A thin film type electron emitter 
comprising : 

a plurality of electron source elements, each of which 
has a structure in which a bottom electrode, an insulating 
layer, and a top electrode are laminated in this order, and 
each of which emits an electron from a surface of the top 
electrode when applying a positive voltage to the top 
electrode; and 

a plurality of bus electrodes that apply a driving 
voltage to a top electrode of an electron source element in a 
first direction among the plurality of electron source 
elements, 



17 



NIT-336 

wherein each of the bus electrodes comprises: 

a thin film electrode that is integrated with 

the top electrode; and 

a thick film electrode provided on the thin film 

electrode, said thick film electrode having a film thickness 

thicker than that of the thin film electrode , and said thick 

film electrode being formed by plating . 

9. (Amended) A thin film type electron emitter 
according to claim 7 [or 8] , wherein the [thick] thin film 
electrode [is a metallic layer that is formed by any of 
plating, vacuum evaporation, chemical vapor deposition, and 
screen-printing] comprises a tungsten film . 

12. (Amended) A method of manufacturing a thin film 
type electron emitter according to claim 10 [or 11] , wherein 
in the step 5 of selectively patterning the thick conductive 
film, an open area where the insulating layer is exposed is 
formed in the thick film electrode; 

in the step 6 of selectively patterning the thin 
conductive film, an open area where the insulating layer is 
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exposed is formed in the thin film electrode inside the open 
area which is formed in the thick film electrode; and 

in the step 7 of forming the top electrode, the top 
electrode is formed so as to cover the thin film electrode 
that is exposed in the open area provided on the thick film 
electrode . 

13. (Amended) A method for manufacturing a thin film 
type electron emitter according to [any of] claim[s] 10 [to 
12], wherein in the step 4 of forming the thick conductive 
film, the thick conductive film is formed by any of plating, 
sputtering, vacuum evaporation, chemical vapor deposition, and 
screen printing. 

16. (Amended) A method of manufacturing a thin film 
type electron emitter according to claim 14 [or 15], wherein 
in the step 4 of selectively forming the thick film electrode, 
an open area where the insulating layer is exposed is formed 
in the thick film electrode; 

in the step 5 of selectively patterning the thin 
conductive film, an open area where the insulating layer is 
exposed is formed in the thin film electrode; and 
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in the step 6 of forming the top electrode, the top 
electrode is formed so as to cover the thin film electrode 
that is exposed in the open area provided on the thick film 
electrode . 

17. (Amended) A method of manufacturing a thin film 
type electron emitter according to [any of] claim[s] 14 [to 
16] , wherein in the step 4 of selectively forming the thick 
film electrode, the thick film electrode is formed by any of 
plating, sputtering, vacuum evaporation, chemical vapor 
deposition, and screen printing. 

18. (Amended) A [method of manufacturing a thin film 
type electron emitter comprising: a plurality of electron 
source elements, each of which has a structure in which a 
bottom electrode, an insulating layer, and a top electrode are 
laminated in this order, and each of which emits an electron 
from a surface of the top electrode when applying positive 
voltage to the top electrode; and a plurality of bus 
electrodes comprising a thin film electrode integrated with 
the top electrode, and a thick film electrode that is provided 
on the thin film electrode, and that has a film thickness 
thicker than that of the thin film electrode, said plurality 
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of bus electrodes applying driving voltage to a top electrode 
of an electron source element in a first direction among the 
plurality of electron source elements, 
said method comprising: 

a step 1 of forming the bottom electrode; 
a step 2 of forming the insulating layer; 
a step 3 of forming a thin conductive film on the 
bottom electrode and the insulating layer; 

a step 4 of forming a thick conductive film on the 
thin conductive film; 

a step 5 of forming the thick film electrode by 
selectively patterning the thick conductive film; and 

a step 6 of forming the thin film electrode and the 
top electrode by selectively patterning the thin conductive 
film] display device comprising: 

a first substrate including: 

a plurality of electron source elements; and 
a plurality of bus electrodes that apply a 
driving voltage to an electron source element in a first 
direction among the plurality of electron source elements; 
a frame glass; and 

a second substrate having a phosphor; 
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wherein a space surrounded by the first substrate, 
the frame glass, and the second substrate is allowed to be a 
vacuum atmosphere; and 

wherein each bus electrode of the first substrate 

comprises : 

a thin film electrode electrically connected to an 
electrode of each of the electron source elements, said thin 
film electrode having a film thickness that ranges from one 
tenth to ten times as thick as a film thickness of the 
electrode of the electron source element, and that is less 
than or equal to 2 0 nm; and; 

a thick film electrode electrically connected to the 
thin film electrode, said thick film electrode having a film 
thickness thicker than that of the thin film electrode . 

19. (Amended) A [method for manufacturing a thin film 
type electron emitter according to claim 18, wherein in the 
step 5 of selectively patterning the thick conductive film, an 
open area where the insulating layer is exposed is formed in 
the thick film electrode] display device according to claim 
18, wherein the thin film electrode has a film thickness that 
is less than or equal to 10 nm. 
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20. (Amended) A [method of manufacturing a thin film 
type electron emitter according to claim 18 [or 19], wherein 
in the step 4 of forming the thick conductive film, the thick 
conductive film is formed by any of plating, sputtering, 
vacuum evaporation, chemical vapor deposition, and screen- 
printing] display device according to claim 18 or 19, wherein 
the thin film electrode has a film thickness ranging from 1 to 
9 ran. 

21. (Amended) A method of manufacturing a thin film 
type electron emitter comprising: a plurality of electron 
source elements, each of which has a structure in which a 
bottom electrode, an insulating layer, and a top electrode are 
laminated in this order, and each of which emits an electron 
from a surface of the top electrode when applying positive 
voltage to the top electrode; and a plurality of bus 
electrodes comprising a thin film electrode integrated with 
the top electrode, and a thick film electrode that is provided 
on the thin film electrode, and that has a film thickness 
thicker than that of the thin film electrode, said plurality 
of bus electrodes applying driving voltage to a top electrode 
of an electron source element in a first direction among the 
plurality of electron source elements, 
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said method comprising: 

a step 1 of forming the bottom electrode; 

a step 2 of forming the insulating layer; 

a step 3 of forming a thin conductive film on the 
bottom electrode and the insulating layer; 

a step 4 of selectively forming a thick film electrode 
on the thin conductive film by plating or printing ; and 

a step 5 of forming the thin film electrode and the 
top electrode by selectively patterning the thin conductive 
film. 

23. (Amended) A method of manufacturing a thin film 
type electron emitter according to claim 21 [or 22], wherein 
[in the step 4 of selectively forming the thick conductive 
film, the thick conductive film is formed by any of plating, 
sputtering, vacuum evaporation, chemical vapor deposition, and 
screen printing] the thin film electrode comprises a tungsten 
film . 

24. (Amended) A display device comprising: 
a first substrate including: [comprising] 

a plurality of electron source elements [ , ] ; and 
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a plurality of bus electrodes [applying] that apply 
a driving voltage to an electron source element in a first 
direction among the plurality of electron source elements; 
a frame glass; and 

a second substrate having phosphor, 

wherein a space surrounded by the first substrate, the 
frame glass, and the second substrate is allowed to be a 
vacuum atmosphere; and 

wherein each bus electrode of the first substrate 
comprises : 

a thin film electrode electrically connected to 
an electrode of each of the electron source elements, said 
thin film electrode having a film thickness that ranges from 
one tenth to ten times as thick as a film thickness of the 
electrode of the electron source element, and that is less 
than or equal to 2 0 nm [is less than or equal to a film 
thickness of the electrode of the electron source element] ; 
and 

a thick film electrode electrically connected to 
the thin film electrode, said thick film electrode [having a 
film thickness thicker than that of the thin film electrode] 
being thicker than the thin film electrode, and said thick 
film electrode being formed by plating . 
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25. (Amended) A display device according to claim 24, 
wherein [the thick film electrode is a metallic layer that is 
formed by any of plating, vacuum evaporation, chemical vapor 
deposition, and screen-printing] the thin film electrode 
comprises a tungsten film . 

26. (Amended) A display device comprising: 
a first substrate including: 

a plurality of electron source elements, each of 
which has a structure in which a bottom electrode, an 
insulating layer, and a top electrode are laminated in this 
order, and each of which emits an electron from a surface of 
the top electrode when applying positive voltage to the top 
electrode; and 

a plurality of bus electrodes that apply a 
driving voltage to a top electrode of an electron source 
element in a first direction among the plurality of electron 
source elements; 

a frame glass; and 

a second substrate having phosphor, 
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wherein a space surrounded by the first substrate, the 
frame glass, and the second substrate is allowed to be a 
vacuum atmosphere; and 

wherein each bus electrode of the first substrate 
comprises : 

a thin film electrode electrically connected to 
the top electrode [; and] , said thin film electrode having a 
film thickness that ranges from one tenth to ten times as 
thick as a film thickness of the top electrode, and that is 
less than or equal to 20 run; and 

a thick film electrode provided on the thin film 
electrode, said thick film electrode having a film thickness 
thicker than that of the thin film electrode , and said thick 
film electrode being formed by a plating . 

27. (Amended) A display device according to claim 26, 
wherein the thin film electrode has a film thickness [that is 
less than or equal to ten times as thick as a film thickness 
of the top electrode] ranging from 1 to 9 nm . 

28. (Amended) A display device according to claim 26 
[or 27], wherein each of the thin film electrode and the thick 
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film electrode has an open area where the insulating layer is 
exposed; 

the open area, which is provided in the thick film 
electrode, is larger than the open area provided in the thin 
film electrode; and 

the top electrode is provided so as to cover the thin 
film electrode that is exposed in the open area provided in 
the thick film electrode. 

29 o (Amended) A display device according to any of 
claims 26 [to 28, wherein the [thick] thin film electrode [is 
a metallic layer that is formed by any of one of plating, 
vacuum evaporation, chemical vapor deposition, and screen- 
printing] comprises a tungsten film . 

30. (Amended) A display device comprising: 

a first substrate including: 

a plurality of electron source elements, each of 
which has a structure in which a bottom electrode, an 
insulating layer, and a top electrode are laminated in this 
order, and each of which emits an electron from a surface of 
the top electrode when applying positive voltage to the top 
electrode; and 
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a plurality of bus electrodes that apply a 
driving voltage to a top electrode of an electron source 
element in a first direction among the plurality of electron 
source elements; 

a frame glass; and 

a second substrate having phosphor; 

wherein a space surrounded by the first substrate, the 
frame glass, and the second substrate is allowed to be a 
vacuum atmosphere ; and 

wherein each bus electrode of the first substrate 
comprises : 

a thin film electrode that is integrated with 
the top electrode; and 

a thick film electrode provided on the thin film 
electrode, said thick film electrode [having a film thickness 
thicker than that of the thin film electrode] being thicker 
than the thin film electrode, and said thick film electrode 
being formed by plating or printing . 

32. (Amended) A display device according to claim 30 
[or 31] , wherein the thick film electrode is [a metallic layer 
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that is formed by any of plating, vacuum evaporation, chemical 
vapor deposition, and screen-printing] formed by plating . 
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MARKED UP VERSION OF REPLACED SECTION (S) OF THE SPECIFICATION 

Pages 51 and 52, " ABSTRACT" section, the marked up 
version of this section is: 

ABSTRACT 

A thin film type electron emitter [comprises] has a 
plurality of electron source elements, each of which has a 
structure in which a bottom electrode (11), an insulating 
layer (12), and a top electrode (13) are laminated in this 
order, and each of which emits electron from the surface of 
the top electrode when applying a positive voltage to the top 
electrode; and a plurality of the bus electrodes that apply 
the driving voltage to the top electrode of the electron 
source element in the first direction among the plurality of 
electron source elements. Each of the bus electrodes 
comprises a thin film electrode (15) electrically connected to 
the top electrode; and a thick film electrode (16) that is 
provided on the thin film electrode, and that has a film 
thickness thicker than that of the thin film electrode. 

[Additionally, the thin film electrode has a film 
thickness that is almost the same as that of the top 
electrode. Moreover, each of the thin film electrode and the 
thick film electrode has an open area where the insulating 



NIT-336 

layer is exposed. In addition to it, the open area, which is 
provided in the thick film electrode, is larger than the open 
area provided in the thin film electrode. The top electrode 
is provided so as to cover the thin film electrode that is 
exposed in the open area provided in the thick film electrode. 

This prevents an increase in resistance of the bus 
electrode for power supply that applies the driving voltage to 
the electron source element, and also prevents the top 
electrode from being broken along the edge of the thin film 
electrode in the electron-emitting portion.] 
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DESCRIPTION 

ELECTRON SOURCE , METHOD OF MANUFACTURE THEREOF , AND 
* . — — — ' " "*""* — — — — — — , — _. * 

DISPLAY DEVICE , 

TECHNICAL FIELD 

The present invention relates to an electron source, 
a method of manufacturing the electron source, and a 
display device, and more particularly to a technology which 
is effective in being applied to a thin film type electron 
emitter that has a three-layer structure- made of a bottom 
electrode, an insulating layer, and a top electrode, and 
that emits electrons into a vacuum. 

BACKGROUND ART 

As one of matrix display devices (matrix display) , 
in which an intersection point of electrode groups 
orthogonal to each other serves as a pixel, and which 
displays an image by adjusting voltage applied to each 
pixel, a field emission display (hereinafter referred to as 
FED) is known. ' 

As described in Japanese Patent Laid-open No. Hei 4- 
289644 for example, this FED is devised as follows: an 
electron emitter is placed at each pixel; and after 
accelerating electrons, which are output from the electron 



emitter, in a vacuum, the FED irradiates a phosphor with 
the electron so that the phosphor in the irradiated part 
emits light. 

As an example of an electron emitter used for FED, a 
thin film type electron emitter matrix is known. 

The thin film type electron emitter is so devised 
that voltage is applied, for example, between a top 
electrode and a bottom electrode of a three-layer structure 
made of the top electrode, an insulating layer, and the 
bottom electrode in order to emit an electron from a 
surface of the top electrode into a vacuum. 

For example, the following are known: the MIM (Metal 
- Insulator - Metal) type in which a metal, an insulator, 
and a metal are laminated; the MIS (Metal - Insulator - 
Semiconductor) type in which a metal, an insulator, and a 
semiconductor electrode are laminated; the type in which a 
metal, a laminated film of an insulator and a semiconductor, 
and a metal or a semiconductor electrode are laminated; and 
the like. 

Incidentally, the MIM type thin film electron source 
is described in Japanese Patent Laid-open No. Hei 7-65710 
for example. 

Fig. 24 is a diagram illustrating the principles of 
operation of the thin film type electron emitter. 

Applying a driving voltage of Vd output from a 



driver circuit between a top electrode 13 and a bottbm 
electrode 11 to create an electric field approximately 
ranging from 1 to 10 MV/cm in a tunnel insulating layer 12 
causes electrons in proximity to a Fermi level in the 
bottom electrode 11 to transmit a barrier by a tunnel 
phenomenon. Then, the electrons enter into a conduction 
band of the tunnel insulating layer 12 and the top 
electrode 13 to become hot electrons. 

Among these hot electrons, those having energy of a 
work function ( <j) ) of the top electrode 13 or more are 
emitted into a vacuum 20. 

-In this case, providing the plurality of top 
electrodes 13 and the plurality of bottom electrodes 11, 
and forming thin film type electron emitters in a matrix 
form so that the plurality of top electrodes are orthogonal 
to the plurality of bottom electrodes 11, permits an 
electron beam to be generated at an arbitrary position. 
This enables us to employ the thin film type electron 
emitter as an electron source of a display device. 

In the past, electron emission is observed in the 
MIM (Metal - Insulator - Metal) structure made of gold, (Au) 
aluminum oxide (Al 2 0 3 : hereinafter merely referred to as 
A1 2 0 3 ) , and aluminum (Al: hereinafter merely referred to as 
Al) , and in others. 

The MIM thin film type electron emitter transmits 



hot electrons, which is accelerated in the tunnel- 
insulating layer 12, through the top electrode 13 to emit 
the hot electron into a vacuum. 

Therefore, the film thickness of the top electrode 
13 is required to be very thin (about several nm) in order 
to suppress scattering of hot electrons. 

Accordingly, sheet resistance of the top electrode 
13 becomes about 200 Q/D. As a result, wiring resistance 
per unit length reaches 7 kQ/cm. 

In this case, because operating voltage of the thin 
film type electron emitter element is 10 V and consumed 
electric current is 1 mA, a voltage drop caused by wiring 
resistance becomes 7 V/cm. 

Such a large voltage drop is completely fatal when 
trying to upsize the display screen of the display device 
in which the thin film type electron emitter is employed. 
For this reason, measures against the voltage drop become 
absolutely necessary . 

Although the voltage drop can be compensated by a 
driving method, it is not desirable because a drive circuit 
becomes complicated, and because of the poor reliability of 
the very thin film wiring. 

Essentially, providing additional wiring for power 
supply is indispensable. 

In addition, the wiring for power supply should 
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satisfy four points as follows: (1) Resistance of the 
wiring for power supply is low; (2) Electrical contact 
between the top electrode 13 and a feeder line is provided; 
(3) The top electrode 13 is not broken at the sharp pattern 
edge ; and {4) Formation of the wiring for power supply 
does not exert an influence on the thin film type electron 
emitter element of the tunneling diode structure. 

As a wiring material for power supply like this, Al 
alloy can be considered. 

For example, Al - neodymium (Nd: hereinafter merely 
referred to as Nd) (2 atm%) alloy, which is also adopted as 
the bottom electrode 11, is a low resistance material 
having an outstanding heat -resistance property. However, 
this material has difficulties in the items (2) and (3) . 
To be more specific, because natural oxide always exists on 
the surface of Al, the problem of contact resistance arises. 

In addition, controllability of taper processing 
using wet etching or reactive ion etching (RIE) is not 
enough to prevent breakage at the pattern edge. 
Accordingly, damage to the tunneling insulator 12 used as a 
stopper cannot also be ignored. 

In view of the foregoing, the present invention has 
been made, and the object of the present invention is to 
provide an technology that can decrease resistance of the 
bus electrode for power supply, and that can prevent the 
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electrode of the electron source in the electron emitting 
portion from being broken at the edge of the bus electrode, 
in the electron source , and a method for manufacturing the 
electron source. 

Moreover, another object of the present invention is 
to provide a technology that can prevent uneven brightness 
on the display screen by using the thin film type electron 
emitter in the display device. 

The above-mentioned and other objects of the present 
invention, and new features thereof, will be made clear by 
a description in this specification and with reference to 
attached drawings . 

DISCLOSURE OF INVENTION 

Outlines of typical features of the present 
invention disclosed in this application concerned will be 
briefly described below. 

The present invention relates to the electron source 
comprising: the plurality of electron source elements; and 

the plurality of bus electrodes that apply driving 
voltage to the electron source element in the first 
direction among the plurality of electron source elements, 
wherein each of the bus electrodes comprises: a thin film 
electrode electrically connected to the electrode of each 
of the electron source elements, said thin film electrode 



having a film thickness that is less than or equal to ten 
times as thick as a film thickness of the electrode of the 
electron source element; and a thick film electrode 
electrically connected to the thin film electrode, said 
thick film electrode having a film thickness thicker than 
that of the thin film electrode. 

In addition, the present invention relates to the 
thin film type electron emitter comprising: the plurality 
of electron source elements, each of which has a structure 
in which the bottom electrode, the insulating layer, and 
the top electrode are laminated in this order, and each of 
which emits an electron from a surface of the top electrode 
when applying positive voltage to the top electrode; and 
the plurality of bus electrodes that apply driving voltage 
to the top electrode of an electron source element in the 
first direction among the plurality of electron source 
elements, wherein each of the bus electrodes comprises: a 
thin film electrode electrically connected to the top 
electrode; and a thick film electrode provided on the thin 
film electrode, said thick film electrode having a film 
thickness thicker than that of the thin film electrode. 

Moreover, the present invention relates to the thin 
film type electron emitter comprising: the plurality of 
electron source elements, each of which has a structure in 
which the bottom electrode, the insulating layer, and the 
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top electrode are' laminated in this order, and each of 
which emits electrons from the surface of the top electrode 
when applying positive voltage to the top electrode; and 
the plurality of bus electrodes that apply driving voltage 
to the top electrode of the electron source element in the 
first direction among the plurality of electron source 
elements, wherein each of the bus electrodes comprises: a 
thin film electrode that is integrated with the top 
electrode; and a thick film electrode provided on the thin 
film electrode, said thick film electrode having a film 
thickness thicker than that of the thin film electrode. 

Further, the present invention is characterized in 
that the thick film electrode is formed by any of 
electroplating, sputtering, vacuum evaporation, chemical 
vapor deposition, and screen-printing* 

Furthermore, the present invention relates to a 
display device that employs the thin film type electron 
emitter . 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a diagram illustrating a structure of the 
thin film type electron emitter according to the first 
embodiment of the present invention; 

Fig. 2 is a diagram illustrating a method for 
manufacturing the thin film type electron emitter according 
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to the first embodiment of the present invention; 

Fig. 3 is a diagram illustrating a method for 
manufacturing the thin film type electron emitter according 
to the first embodiment of the present invention; 

Fig. 4 is a diagram illustrating a method for 
manufacturing the thin film type electron emitter according 
to the first embodiment of the present invention; 

Fig. 5 is a diagram illustrating a method for 
manufacturing the thin film type electron emitter according 
to the first embodiment of the present invention; 

Fig. 6 is a diagram illustrating a method for 
manufacturing the thin film type electron emitter according 
to the first embodiment of the present invention; 

Fig. 7 is a diagram illustrating a method for 
manufacturing the thin film type electron emitter according 
to the first embodiment of the present invention; 

Fig. 8 is a diagram illustrating a method for 
manufacturing the thin film type electron emitter according 
to the first embodiment of the present invention; 

Fig. 9 is a diagram illustrating a method for 
manufacturing the thin film type electron emitter according 
to the second embodiment of the present invention; 

Fig. 10 is a diagram illustrating a method for 
manufacturing the thin film type electron emitter according 
to the second embodiment of the present invention; 
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Fig. 11 is a diagram illustrating a method for 
manufacturing the thin film type electron emitter according 
to the second embodiment of the present invention; 

Fig. 12 is a diagram illustrating a method for 
manufacturing the thin film type electron emitter according 
to a third embodiment of the present invention; 

Fig. 13 is a diagram illustrating a method for 
manufacturing a thin film type electron emitter according 
to the third embodiment of the present invention ; 

Fig. 14 is a diagram illustrating a method for 
manufacturing the thin film type electron emitter according 
to the third embodiment of the present invention; 

Fig. 15 is a diagram illustrating a method for 
manufacturing the thin film type electron emitter according 
to the fourth embodiment of the present invention; 

Fig. 16 is a diagram illustrating a method for 
manufacturing the thin film type electron emitter according 
to the fourth embodiment of the present invention; 

Fig. 17 is a diagram illustrating a method for 
manufacturing the thin film type electron emitter according 
to the fourth embodiment of the present invention; 

Fig. 18 is a diagram illustrating a method for 
manufacturing the thin film type electron emitter according 
to the fourth embodiment of the present invention; 

Fig. 19 is a schematic diagram illustrating a 
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configuration of the thin film type electron emitter array 
substrate of the display device according to the fifth 
embodiment of the present invention; 

Fig. 20 is a schematic diagram illustrating a 
configuration of the phosphor plate of the display device 
according to the fifth embodiment of the present invention; 

Fig. 21 is a cross section schematically 
illustrating a whole configuration of the display device 
according to the fifth embodiment of the present invention; 

Fig. 22 is a schematic diagram illustrating a state 
in which drive circuits are connected to the display device 
according to the fifth embodiment of the present invention; 

Fig. 23 is a timing chart illustrating an example of 
the waveform of driving voltage which is output by each of 
the driving circuits shown in Fig. 22; and 

Fig. 24 is a diagram illustrating the principles of 
operation of the thin film type .electron emitter. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, embodiments of the present invention 
will be described in detail with reference to the drawings. 

It is to be noted that in all of the drawings for 
illustrating the embodiments, each component having the 
same function is designated by the similar reference 
numeral and the duplicated description thereof will be 
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omitted. 

[First Embodiment] 

Fig. 1 is a cross section illustrating a structure 
of one element of the thin film type electron emitter 
according to the first embodiment of the present invention. 

The thin film type electron emitter according to 
this embodiment is characterized in that the bus electrode, 
which is used as a feeder line, comprises the bus electrode 
lower layer 15 electrically connected to the top electrode 
13, and the bus electrode upper layer 16 that backs the bus 
electrode lower layer 15, the bus electrode upper layer 16 
being formed by et sputtering. 

A method for manufacturing the thin film type 
electron emitter according to this embodiment will be 
described below with reference to Figs. 2 to 8 . 

Incidentally, Figs. 2(a) to 8(a) each are a plan 
view; Figs. 2(b) to 8(b) each are a cross section that 
illustrates a cross-sectional structure along the cutting 
plane line A~A 1 of each of Figs. 2(a) to 8(a) ; and Figs. 
2(c) to 8(c) each are a cross section that illustrates a 
cross-sectional structure along the cutting plane line B-B ' 
of each of Figs. 2(a) to 8(a). 

To begin with, an insulative substrate 10 such as 
glass is prepared, and then a metal film used for the 
bottom electrode is formed on this substrate 10. 
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As a material for the bottom electrode, Al or an Al 
alloy is used. 

In this case, an Al-Nd alloy doped with Nd by 2 
atomic weight % is used. 

In addition, for example, sputtering is used for the 
formation of the metal film, a film thickness of which is 
300 nm. 

After the metal film is formed, stripe-shaping 
bottom electrodes 11 are formed by etching as shown in Fig. 
2. 

As etching, for example, wet etching by a mixed 
solution of phosphoric acid, acetic acid, and nitric acid 
is employed. 

Next, a part on the bottom electrode 11, which is 
used as an electron-emitting portion, is masked by a resist 
film 17. Then, for a part other than the electron-emitting 
portion on the bottom electrode 11, thick anodic oxidation 
is selectively performed in a forming solution using the 
bottom electrode 11 as an anode to form the protection- 
insulating layer 14 as shown in Fig. 3. 

In this case, if the forming voltage is 100 V, the 
protection-insulating layer 14 having a thickness of about 
13 6 nm is formed. 

After the protection-insulating layer 14 is formed, 
the resist film 17 is removed. Then, anodic oxidation is 
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performed again using the bottom electrode 11 as an anode 
in a forming solution to forms the tunneling insulator 12 
on the bottom electrode 11 as shown in Fig. 4. 

In this case, for example, if the forming voltage is 
6 V, the tunnel-insulating layer 12 having a thickness of 
about 10 nm is formed on the bottom electrode 11. 

Next, as shown in Fig. 5, the bus electrode film, 
which is used as a feeder line leading to the top electrode 
13, is formed by sputtering. 

Here, as this bus electrode film, a laminated film 
made of a metal film used as the bus electrode lower layer 
(thin film electrode according to the present invention) 15 
and a metal film used as the bus electrode upper layer 
(thick film electrode according to the present invention) 
16 is employed; as a material for the bus electrode lower 
layer, tungsten (W) is employed; and as a material for the 
bus electrode upper layer, Al-Nd alloy is employed. 

In addition, an upper limit of a film thickness of 
the metal film used as the bus electrode lower layer 15 is 
set to ten times as thick as a film thickness of the top 
electrode 13 so that the top electrode 13 to be formed 
later is not broken at the sharp edge of the bus electrode 
lower layer 15. To be more specific, the metal film is 
made as thin as about from several nm to several tens of nm. 
On the other hand, the metal film used as the bus electrode 
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upper layer 16 is formed as thick as about hundreds of nm 
in order to provide sufficient low resistance. 

The lower limit of thickness may be set to a 
thickness that permits the metal film to function as a 
conductor. About one tenth of a film thickness of the top 
electrode 13 is preferable. 

Subsequently, as shown in Fig. 6, the bus electrode 
upper layer 16 is processed in a stripe shape in the 
direction orthogonal to the bottom electrode 11 by a 
photolithography process and an etching process. 

In this case, for example, the mixed solution of 
phosphoric acid, acetic acid, and nitric acid is employed 
for etching. 

Next, as shown in Fig. 7, the bus electrode lower 
layer 15 is processed by the photolithography process and 
the etching process in a similar manner. 

What should be noted at this point of time is that 
in order to get electric contact with the top electrode 13, 
which will be made later in the electron emitting portion, 
the bus electrode lower layer 15 is processed so as to 
extend off the bus electrode upper layer 16. 

It is to be noted that a mixed solution of ammonia 
and hydrogen peroxide is suitable for etching of tungsten 
(W) . 

Lastly, as shown in Fig. 8, the top electrode 13 is 
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formed. As a result, the thin film type electron emitter 
according to this embodiment is completed. 

The patterning of this top electrode 13 is performed 
by lift-off; and the formation of the top electrode 13 is 
performed by sputtering. 

As the top electrode 13, for example, a laminated 
film of iridium (Ir) , platinum (Pt) , and gold (Au) is 
employed; and each film thickness is several nm. The 
formation is performed by sputtering as described above. 

In this embodiment, the metal film used as the bus 
electrode upper layer 16 is formed by sputtering. However, 
the present invention is not limited to this. The metal 
film used as the bus electrode upper layer 16 may be formed 
by any of electroplating, vacuum evaporation, chemical 
vapor deposition, and screen-printing. 

The thin film type electron emitter according to 
this embodiment has the bus electrode upper layer 16 that 
is formed as thick as about hundreds of nm. Therefore, 
sheet resistance of a bus electrode constituting a feeder 
line can be decreased by about two digits as compared with 
sheet resistance of the top electrode 13 (about 200Q/D), 
which enables a decrease in resistance of the bus electrode. 

Moreover, since the bus electrode lower layer 15 is 
formed so as to have a film thickness ranging from several 
nm to several tens of nm, it is possible to prevent the top 
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electrode 13 from being broken at the edge of the bus 
electrode lower layer 15. 

[Second Embodiment] 

The thin film type electron emitter according to the 
second embodiment of the present invention is characterized 
in that the top electrode 13 also serves as the bus 
electrode lower layer, and that the bus electrode upper 
layer 16 is formed on the top electrode by sputtering. 

A method for manufacturing the thin film type 
electron emitter according to this embodiment will be 
described below with reference to Figs. 9 to 11. 

Incidentally, Figs. 9(a) to 11(a) each are a plan 
view; Figs. 9(b) to 11(b) each are a cross section that 
illustrates a cross-sectional structure along the cutting 
plane line A-A» of Fig. 9(a); and Figs. 9(c) to 11(c) each 
are a cross section that illustrates a cross-sectional 
structure along the cutting plane line B-B ' of Fig. 9(a). 

To begin with, as is the case with the first 
embodiment, formation is performed up to the tunnel- 
insulating layer 12 using the method shown in Figs. 2 to 4 . 

Next, as shown in Fig. 9, a metal film used as the 
top electrode 13 and a metal film used as the bus electrode 
upper layer 16 are formed in this order by sputtering. 

As a material of the metal film used as the top 
electrode 13, for example, a laminated film made of 



18 



tungsten (W) , platinum (Pt) , and gold (Au) is employed; and 
each film thickness ranges from 1 to 3 nm. 

The Al-Nd alloy described above is accumulated on 
the metal film used as the bus electrode upper layer 16 by 
hundreds of nm. 

Subsequently, a resist pattern is formed by the 
photolithography process, and then Al-Nd alloy other than 
the bus electrode upper layer is removed by wet etching to 
form the bus electrode upper layer 16 as shown in Fig. 10. 

The above-mentioned mixed solution of phosphoric 
acid, acetic acid, and nitric acid is suitable for etching. 

Lastly, the electron-emitting portion is covered 
with a resist pattern, and then a metal film used for the 
top electrode in the bus electrode upper layer is removed 
to form the top electrode 13 as shown in Fig. 11. As a 
result, the thin film type electron emitter according to 
this embodiment is completed. 

Concerning etching, aqua regia is suitable for 
platinum (Pt) and gold (Au) ; and the above-mentioned mixed 
solution of ammonia and hydrogen peroxide is suitable for 
tungsten (W) . 

It is to be noted that in this embodiment, the metal 
film used as the bus electrode upper layer 16 may also be 
formed by any of plating, vacuum evaporation, chemical 
vapor deposition, and screen-printing. 
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The thin film type electron emitter according to 
this embodiment has the bus electrode upper layer 16 that 
is formed as thick as about hundreds of nm. Therefore, 
sheet resistance of the bus electrode constituting a feeder 
line can be decreased by about two digits as compared with 
sheet resistance of the top electrode 13 (about 200Q/D), 
which enables a decrease in resistance of the bus electrode. 

In addition, since the top electrode 13 is also used 
as the bus electrode lower layer, it is possible to prevent 
the top electrode 13 from being broken in level in the 
electron-emitting portion. 

[Third Embodiment] 

The thin film type electron emitter according to the 
third embodiment of the present invention is characterized 
in that the top electrode 13 also serves as the bus 
electrode lower layer, and that the bus electrode upper 
layer 16 is formed on the top electrode by electroplating. 

A method for manufacturing the thin film type 
electron emitter according to this embodiment will be 
described below with reference to Figs. 12 to 14. 

Incidentally, Figs. 12(a) to 14(a) each are a plan 
view; Figs. 12(b) to 14(b) each are a cross section that 
illustrates a cross-sectional structure along the cutting 
plane line A— A 1 of each of Figs. 12(a) to 14(a); and Figs. 
12 (c) to 14 (c) each are a cross section that illustrates a 
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cross-sectional structure along the cutting plane line B-B ' 
each of Figs. 12(a) to 14(a). 

To begin with, as is the case with the first 
embodiment, formation is performed up to the tunnel- 
insulating layer 12 using the method shown in Figs. 2 to 4 . 

Next, as shown in Fig. 12, a metal film, which is 
used as the top electrode 13, is formed by sputtering. 

As a material used for the top electrode, for 
example, a laminated film of tungsten (W) , platinum (Pt) , 
and gold (Au) is employed; and each film thickness ranges 
from 1 to 3 nm. 

Subsequently, a part on which the bus electrode 
upper layer 16 is not formed is covered by a resist pattern, 
and then a gold (Au) film is grown as a backing electrode 
by gold electroplating to form the bus electrode upper 
layer 16 as shown in Fig. 13. 

Lastly, an electron-emitting portion is covered with 
a resist pattern, and then a metal film used for the top 
electrode in the bus electrode upper layer is removed to 
form the top electrode 13 as shown in Fig. 14. As a result, 
the thin film type electron emitter according to this 
embodiment is completed. 

Concerning etching, aqua regia is suitable for 
platinum (Pt) and gold (Au) ; and the above-mentioned mixed 
solution of ammonia and hydrogen peroxide is suitable for 
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tungsten (W) . 

It is to be noted that in this embodiment, the bus 
electrode upper layer 16 may also be formed by any of 
sputtering, vacuum evaporation, chemical vapor deposition, 
and screen-printing. 

However, as described in this embodiment, if the 
gold (Au) film is grown as a backing electrode by gold 
electroplating to form the bus electrode upper layer 16, 
adherence between the top electrode 13 and the bus 
electrode upper layer 16 becomes excellent, and a film 
thickness of the bus electrode upper layer 16 can be set 
arbitrarily. In addition, the damage to the tunnel- 
insulating layer 12 can be reduced as compared with other 
processes . 

The thin film type electron emitter according to 
this embodiment has the bus electrode upper layer 16 that 
is formed as thick as about hundreds of rim. Therefore, 
sheet resistance of the bus electrode constituting a feeder 
line can be decreased by about two digits as compared with 
sheet resistance of the top electrode 13 (about 200 Q/D) , 
which enables a decrease in resistance of the bus electrode. 

In addition, since the top electrode 13 is also used 
as the bus electrode lower layer, it is possible to prevent 
the top electrode 13 from being broken in the electron- 
emitting portion. 
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[Fourth Embodiment] 

The thin film type electron emitter according to the 
fourth embodiment of the present invention is characterized 
in that the top electrode 13 is electrically connected to 
the bus electrode lower layer 15, and that the bus 
electrode upper layer 16 is formed on the bus electrode 
lower layer 15 by electroplating. 

A method for manufacturing the thin film type 
electron emitter according to this embodiment will be 
described below with reference to Figs. 15 to 18. 

Incidentally, Figs. 15(a) to 18(a) each are a plan 
view; Figs 15(b) to 18(b) each are a cross section that 
illustrates a cross-sectional structure along the cutting 
plane line A-A ' of each of Figs. 15(a) to 18(a); and Figs. 
15(c) to 18(c) each are a cross section that illustrates a 
cross-sectional structure along the cutting plane line B-B » 
each of Figs. 15(a) to 18(a). 

To begin with, as is the case with the first 
embodiment, formation is performed up to the tunnel- 
insulating layer 12 using the method shown in Figs. 2 to 4 . 

Next, as shown in Fig. 15, a metal film, which is 
used as the bus electrode lower layer 15, is formed by 
sputtering. 

As a material of the metal film used as the bus 
electrode lower layer 15, for example, a laminated film of 
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tungsten (W) and gold (Au) is employed; and it is desirable 
that each film thickness is about 10 nm. 

Subsequently, a part on which the bus electrode 
upper layer 16 is not formed is covered with a resist 
pattern, and then a gold (Au) film is grown as a backing 
electrode by gold electroplating to form the bus electrode 
upper layer 16 as shown in Fig. 16. 

Next, as shown in Fig. 17, the bus electrode lower 
layer 15 is processed by the photolithography process and 
the etching process. 

What should be noted at this point of time is that 
in order to get electric contact with the top electrode 13, 
which will be made later in an electron emitting portion, 
the bus electrode lower layer 15 is processed so as to 
extend off the bus electrode upper layer 16. 

Aqua regia is used for etching of gold (Au) ; and the 
above-mentioned mixed solution of ammonia and hydrogen 
peroxide is used for etching of tungsten (W) . 

Lastly, as shown in Fig. 18, the top electrode 13 is 
formed. As a result, the thin film type electron emitter 
according to this embodiment is completed. 

The patterning of the top electrode 13 is performed 
by lift-off; and the formation of the top electrode 13 is 
performed by sputtering. 

As the top electrode 13, for example, a laminated 
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film of iridium (Ir) , platinum (Pt) , and gold (Au) is 
employed; and each film thickness is several nm. The film 
formation is performed by sputtering as described above. 

It is to be noted that in this embodiment, the metal 
film used as the bus electrode upper layer 16 may also be 
formed by any of sputtering, vacuum evaporation, chemical 
vapor deposition, and screen-printing. 

The thin film type electron emitter according to 
this embodiment has the bus electrode upper layer 16 that 
is formed as thick as about hundreds of nm. Therefore, 
sheet resistance of the bus electrode constituting a feeder 
line can be decreased by about two digits as compared with 
sheet resistance of the top electrode 13 (about 200Q/D), 
which enables a decrease in resistance of the bus electrode. 

Moreover, because the bus electrode lower layer 15 
is thinly formed so as to have a thickness approximately 
ranging from several nm to several tens of nm, it is 
possible to prevent the top electrode 13 from being broken 
at the sharp edge of the bus electrode lower layer 15. 

In each of the embodiments, the present invention 
was applied to the thin film type electron emitter as 
described above. However, the present invention is not 
limited to this. It is needless to say that the present 
invention can also be applied to a surface conduction type 
electron source, for example. 
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[Fifth Embodiment] 

Fig. 19 is a schematic diagram illustrating a 
configuration of the thin film type electron emitter array 
substrate of the display device according to the fifth 
embodiment of the present invention. 

Fig. 19 (a) is a plan view illustrating the thin 
film type electron emitter array substrate according to 
this embodiment. Fig. 19 (b) is a cross section 
substantially illustrating a cross-sectional structure 
along the line A- A 1 in Fig. 19 (a) ; and Fig. 19 (c) is a 
cross section substantially illustrating a cross-sectional 
structure along the line B-B 1 in Fig. 19 (a). 

In this embodiment, the thin film type electron 
emitter according to the first embodiment is used as the 
thin film type electron emitter array substrate. However, 
the thin film type electron emitter according to the second 
embodiment to the fourth embodiment may also be used. 

The thin film type electron emitter array substrate 
according to this embodiment has a configuration in which 
the thin film type electron emitter is formed on a 
substrate 10 in a matrix form according to the steps 
described in the first embodiment. 

Fig. 19 illustrates the thin film type electron 
emitter matrix (3x3 dots) having a structure of three 
bottom electrodes 11 by three top electrodes bus lines 17. 
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However, in reality, thin film type electron emitters in a 
matrix are formed corresponding to the number of displayed 
dots . 

Further, in reality, the bus electrode has a 
laminated structure of the bus electrode lower layer 15 and 
the bus electrode upper layer 16. However, the bus 
electrode is illustrated as a whole as the laminated bus 
electrode 18 in Fig. T9 . 

Incidentally, although it has not been described in 
each of the embodiments, if the thin film type electron 
emitter matrix is used for the display device, the surfaces 
of electrode edges of the bottom electrode 11 and the upper 
part bus electrode 18 must be exposed for circuit 
connection . 

Fig. 20 is a diagram schematically illustrating a 
configuration of the phosphor plate of the display device 
according to the fifth embodiment of the present invention. 

Fig. 20 (a) is a plan view illustrating the phosphor 
plate according to this embodiment. Fig. 2 0 (b) is a cross 
section substantially illustrating a cross-sectional 
structure along the line A-A» in Fig. 20 (a) ; and Fig. 20 
(c) is a cross section substantially illustrating a cross- 
sectional structure along the line B-B ' in Fig. 20 (a). 

The phosphor plate according to this embodiment 
comprises the following: a black matrix 120 formed on a 
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substrate 110 such as soda lime; red (R) phosphor 111, 
green (G) phosphor 112, and blue (B) phosphor 113 that are 
formed in grooves of the black matrix 120; and a metal back 
-film 114 formed on them. 

A method for producing the phosphor plate according 
to this embodiment will be described below. 

In the first place, for the purpose of increasing 
the contrast of the display device, the black matrix 120 is 
formed on the substrate 110. 

The black matrix 120 is formed by the following 
steps: applying a solution, in which polyvinyl alcohol 
(PVA: hereinafter merely referred to as PVA) and ammonium 
chromate are mixed, to the substrate 110; after irradiating 
an area other than a part, on which the black matrix 120 is 
formed, with ultraviolet rays so that the non-exposed area 
is removed by running water; and applying a solution, in 
which graphite powder is dissolved, to the unexposed part 
to lift off PVA. 

Next, the red phosphor 111 is formed by a method 
described below. 

After applying an aqueous solution, in which red 
phosphor particles, PVA, and ammonium chromate are mixed, 
to the substrate 110, a part on which phosphor is formed is 
irradiated with ultraviolet rays so that the part is 
exposed. Then, the unexposed part is removed by running 
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water. 

In this manner, the red phosphor 111 is patterned. 
Although the phosphor pattern is a stripe-shaped 
pattern as shown in Fig. 20, this stripe pattern is merely 
one example. It is to be noted that other than this 
example, according to display design, for example, even a 
" RGBG 11 pattern in which four adjacent dots constitute one 
pixel may also be applied as a matter of course. 

Using a similar method, the green phosphor 112 and 
the blue phosphor 113 are formed. 

In this case, the following are employed as phosphor, 
for example: Y 2 0 2 S : Eu (P22-R) as the red phosphor 111; ZnS: 
Cu, Al (P22-G) as the green phosphor 112; and ZnS: Ag (P22- 
B) as the blue phosphor 113. 

Next, after filming with a film such as 
nitrocellulose, Al is evaporated onto the whole substrate 
110 until Al has a film thickness of about 75 nm. As a 
result, the metal back film 114 is formed. This metal back 
film 114 acts as an accelerating electrode. 

After that, the substrate 110 is heated to about 
400 °C in the air so that organic matter such as a filming 
film and PVA is decomposed by heating. 

In this manner, the phosphor plate is completed. 
Fig. 21 is a cross section schematically 
illustrating a whole configuration of the display device 
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according to the fifth embodiment of the present invention. 

Fig. 21 (a) is a cross section substantially 
illustrating a cross-sectional structure along the line A- 
A' in Fig. 19 (a) and Fig. 20 (a) ; and Fig. 21 (b) is a 
cross section substantially illustrating a cross-sectional 
structure along the line B-B ' in Fig. 19 (a) and Fig. 20 
(a) . 

As shown in Fig. 21, the thin film type electron 
emitter array substrate produced by the steps described 
above, the phosphor plate, and a- frame glass 116 are 
assembled through spacers 30 before the frame glass 116 is 
sealed using flit glass 115. 

A height of the spacers 30 is set so that a distance 
between the thin film type electron emitter array substrate 
and the phosphor plate ranges from 1 to 3 mm. 

The spacer 30 is made of plate glass or ceramic, for 
example. The spacer 3 0 is placed between the laminated bus 
electrodes 18. 

In this case, because the spacer 30 is placed under 
the black matrix 120 of the phosphor plate, the spacer 30 
does not block light emission. 

Therefore, existence of the spacer 30 hardly causes 
degradation of image quality. 

Here, for the purpose of a description, the spacer 
30 is provided at each dot that emits light in R (red) , G 
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(green) , or B (blue) , that is to say, at all positions 
between the laminated bus electrodes 18, However, in 
reality, the number (density) of the spacers 30 may be 
decreased within the range of mechanical strength. 
Therefore, providing the spacers 30 at intervals of about 1 
cm suffices. 

In addition, even if a pillar type spacer or a cross 
type spacer is employed as the spacer 30 in this embodiment, 
panel assembling is possible using a similar technique. 

The sealed panel is evacuated to a vacuum of about 
10" 7 Torr before sealed. 

After the sealing, getter is activated to maintain a 
vacuum in the panel. 

For example, in the case of a getter material, the 
main component of which is barium (Ba) , a getter film can 
be formed by high-frequency induction heating, or the like. 

Further, non-evaporate getter, the main component of 
which is zirconium (Zr) , may also be employed. 

In this manner, the display device according to this 
embodiment is completed. 

In the display device according to this embodiment, 
a distance between the thin film type electron emitter 
array substrate and the phosphor plate is as long as 
approximately ranging from 1 to 3 mm. Because of it, 
acceleration voltage that is applied to the metal back film 
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114 can be made as high as 3 to 6 KV. 

Accordingly, as described above, phosphor used for 
cathode ray tube (CRT) can be employed as the phosphor. 

According to the display device of this embodiment, 
even if many of the thin film type electron emitters are 
aligned in an array shape to constitute a cold cathode type 
phosphor display device having a 40-inch-class large screen, 
resistance of the bus electrode which constitutes a feeder 
line can be decreased, which permits each of the thin film 
type electron emitter element to operate without poor 
brightness uniformity. Therefore, it is possible to 
prevent poor brightness uniformity on the display screen. 

Fig. 22 is a schematic diagram illustrating a state 
in which drive circuits are connected to the display device 
according to this embodiment. 

The bottom electrode 11 is driven by a bottom 
electrode drive circuit 40; and the laminated bus electrode 
18 is driven by a top electrode drive circuit 50. 

In this case, each of the drive circuits (40, 50) is 
connected to the thin film type electron emitter array 
substrate using the following: for example, a tape carrier 
package crimped with an anisotropic conductive film; a chip 
on glass in which a semiconductor chip constituting each 
drive circuit (40, 50) is directly mounted on the substrate 
(for example, glass) of the thin film type electron emitter 
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array substrate; or the like. 

An acceleration voltages ranging from 3 to 6 KV is 
always applied to the metal back film 114 from a high 
voltage supply 60. 

Fig. 23 is a timing chart illustrating an example of 
the waveform of driving voltage that is output by each of 
the drive circuits shown in Fig. 22. 

Here, assumed that the mth bottom electrode 11 is 
expressed as Km; the nth laminated bus electrode 18 is 
expressed as Cn; and an intersection point of the mth 
bottom electrode 11 and the nth laminated bus electrode 18 
is expressed as (m, n) . 

At time tO, the driving voltage of both electrodes 
is zero, causing no electron to be emitted. Therefore, 
phosphor does not emit light. 

At time tl, the driving voltage of (-V1) , which is 
output from the bottom electrode drive circuit 40, is 
applied to the bottom electrode 11 of Kl ; and the driving 
voltage of (+V2) , which is output from the top electrode 
drive circuit 50, is applied to the laminated bus electrode 
18 of (CI, C2) . 

Since the voltage of (VI + V2) is applied between 
the bottom electrode 11 and the top electrode 13 at the 
intersection points (1, 1) and (1, 2), if the voltage of 
(VI + V2) is set at a value higher than starting voltage of 
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electron emission, electrons are emitted into a vacuum from 
the thin film type electron emitters at these two 
intersection points. 

The emitted electrons are accelerated by the 
acceleration voltage from the high voltage supply 60 , which 
is applied to the metal back film 114. Then, the emitted 
electron enters into the phosphor (111 through 113) to emit 
light. 

At time t2 , the driving voltage of {-VI ) , which is 
output from the bottom electrode drive circuit 40, is 
applied to the bottom electrode 11 of K2 ; and the driving 
voltage of (+V2) , which is output from the top electrode 
drive circuit 50, is applied to the laminated bus electrode 
18 of (CI). As a result, the intersection point (2, 1) 
emits light similarly. 

In this manner, changing the signal that is applied 
to the laminated bus electrode 18 permits desired image or 
information to be displayed. 

Moreover, properly changing the level of driving 
voltage (+V2) which is applied to the laminated bus 
electrode 18 permits a gray scale image to be displayed. 

It is to be noted that reverse bias for discharging 
electric charges accumulated in the tunnel insulating layer 
12 is applied by the following method: after applying the 
driving voltage of (-V1) , which is output from the bottom 
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electrode drive circuit 40, to all of the bottom electrodes 
11, applying a driving voltage of (+V3) , which is output 
from the bottom electrode drive circuit 40, to all of the 
bottom electrodes 11, and applying a driving voltage of (- 
V3 ' ) , which is output from the top electrode drive circuit 
50, to all of the laminated bus electrodes 18. 

The invention devised by this inventor was 
specifically described on the basis of the embodiments as 
above. However, the present invention is not limited to 
the embodiments. As a matter of course, the present 
invention can be changed in various ways within the range 
that does not deviate from points thereof. 

INDUSTRIAL APPLICABILITY 

Effects, which can be obtained from typical features 
of the present invention disclosed in this application 
concerned, will be briefly described below. 

(1) According to the electron source of the present 
invention, the bus electrode for power supply, which 
applies driving voltage to the electron source element, has 
a laminated structure comprising a thin film electrode, and 
a thick film electrode with low resistance that is backed 
on this thin film electrode. Therefore, sheet resistance 
of the bus electrode can be reduced by about two digits as 
compared with sheet resistance of the top electrode, which 
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enables reduction in resistance of the bus electrode. 

In addition, since the thin film electrode is thinly 
formed so as to have a film thickness that is almost the 
same as that of the electrode of the electron source, it is 
possible to prevent the electrode of the electron source 
from being broken along with the edge of the thin film 
electrode in the electron emitting portion. 

(2) According to the display device of the present 
invention, even if a 40-inch-class large screen is used, 
resistance of the bus electrode which constitutes a feeder 
line can be decreased, and thereby it is possible to 
prevent poor brightness uniformity on the display screen. 
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CLAIMS 

1. An electron source comprising: 

a plurality of electron source elements ; and 
a plurality of bus electrodes that apply driving 
voltage to an electron source element in a first direction 
among the plurality of electron source elements, 

wherein each of the bus electrodes comprises: 

a thin film electrode electrically connected to 
an electrode of each of the electron source elements, said 
thin film electrode having a film thickness that Is less 
than or equal to a film thickness of the electrode of the 
electron source element; and 

a thick film electrode electrically connected to 
the thin film electrode, said thick film electrode having a 
film thickness thicker than that of the thin film electrode. 

2. An electron source according to claim 1, wherein 
the thick film electrode is a metallic layer that is formed 
by any of plating, vacuum evaporation, chemical vapor 
deposition, and screen-printing. 

3. A thin film type electron emitter comprising: 
a plurality of electron source elements , each of 

which has a structure in which a bottom electrode, an 
insulating layer, and a top electrode are laminated in this 
order, and each of which emits an electron from a surface 
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of the top electrode when applying a positive voltage to 
the top electrode; and 

a plurality of bus electrodes that apply a driving 
voltage to a top electrode of an electron source element in 
a first direction among the plurality of electron source 
elements , 

wherein each of the bus electrodes comprises: 

a thin film electrode electrically connected to 
the top electrode; and u 

a thick film electrode provided on the thin 
film electrode, said thick film electrode having a film 
thickness thicker than that of the thin film electrode. 

4. A thin film type electron emitter according to 
claim 3, wherein the thin film electrode has a film 
thickness that is less than or equal to ten times as thick 
as a film thickness of the top electrode. 

5. A thin film type electron emitter according to 
claim 4, wherein each of the thin film electrode and the 
thick film electrode has an open area where the insulating 
layer is exposed; 

the open area, which is provided in the thick film 
electrode, is larger than the open area provided in the 
thin film electrode; and 

the top electrode is provided so as to cover the 
thin film electrode that is exposed in the open area 
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provided in the thick film electrode. 

6. A thin film type electron emitter according to 
any of claims 3 to 5, wherein the thick film electrode is a 
metallic layer that is formed by any of plating, vacuum 
evaporation, chemical vapor deposition, and screen printing. 

7. A thin film type electron emitter comprising: 
a plurality of electron source elements, each of 

which has a structure in which a bottom electrode, an 
insulating layer, and a top electrode are laminated in this 
order, and each of which emits an electron from a surface 
of the top electrode when applying a positive voltage to 
the top electrode ; and 

a plurality of bus electrodes that apply a driving 
voltage. to a top electrode of an electron source element in 
a first direction among the plurality of electron source 
elements , 

wherein each of the bus electrodes comprises: 

a thin film electrode that is integrated with 
the top electrode ; and 

a thick film electrode provided on the thin 
film electrode, said thick film electrode having a film 
thickness thicker than that of the thin film electrode. 

8. A thin film type electron emitter according to 
claim 7, wherein the thick film electrode has an open area 
that is provided in an area where the insulating layer is 
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formed. 

9. A thin film type electron emitter according to 
claim 7 or 8, wherein the thick film electrode is a 
metallic layer that is formed by any of plating, vacuum 
evaporation, chemical vapor deposition, and screen-printing. 

10. A method for manufacturing a thin film type 
electron emitter comprising: a plurality of electron source 
elements, each of which has a structure in which a bottom 
electrode, an insulating layer, and a top electrode are 
laminated in this order, and each of which emits an 
electron from a surface of the top electrode when applying 
a positive voltage to the top electrode; and a plurality of 
bus electrodes comprising a thin film electrode 
electrically connected to the top electrode, and a thick 
film electrode that is provided on the thin film electrode, 
and that has a film thickness thicker than that of the thin 
film electrode, said plurality of bus electrodes applying a 
driving voltage to a top electrode of an electron source 
element in a first direction among the plurality of 
electron source elements, 

said method comprising: 

a step 1 of forming the bottom electrode; 
a step 2 of forming the insulating layer; 
a step 3 of forming a thin conductive film on the 
bottom electrode and the insulating layer; 
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a step 4 of forming a thick conductive film on the 
thin conductive film; 

a step 5 of forming the thick film electrode by 
selectively patterning the thick conductive film; 

a step 6 of forming the thin film electrode by 
selectively patterning the thin conductive film; and 

a step 7 of forming a top electrode that is 
electrically connected to the thin film electrode. 

11. A method of manufacturing a thin film type 
electron emitter according to claim 10 , wherein in the step 
3 of forming the thin conductive film, the thin conductive 
film is formed so that a film thickness of the thin 
conductive film becomes less than or equal to ten times as 
thick as a film thickness of the top electrode. 

12. A method of manufacturing a thin film type 
electron emitter according to claim 10 or 11, wherein in 
the step 5 of selectively patterning the thick conductive 
film, an open area where the insulating layer is exposed is 
formed in the thick film electrode; 

in the step 6 of selectively patterning the thin 
conductive film, an open area where the insulating layer is 
exposed is formed in the thin film electrode inside the 
open area which is formed in the thick film electrode; and 

in the step 7 of forming the top electrode, the top 
electrode is formed so as to cover the thin film electrode 
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that is exposed in the open area provided on the thick film 
electrode . 

13. A .method for manufacturing a thin film type 
electron emitter according to any of claims 10 to 12, 
wherein in the step 4 of forming the thick conductive film, 
the thick conductive film is formed by any of plating, 
sputtering, vacuum evaporation, chemical vapor deposition, 
and screen printing. 

14. A method for manufacturing a thin film type 
electron emitter comprising: a plurality of electron source 
elements, each of which has a structure in which a bottom 
electrode, an insulating layer, and a top electrode are 
laminated in this order, and each of which emits an 
electron from a surface of the top electrode when applying 
positive voltage to the top electrode; and a plurality of 
bus electrodes comprising a thin film electrode 
electrically connected to the top electrode, and a thick 
film electrode that is provided on the thin film electrode, 
and that has a film thickness thicker than that of the thin 
film electrode, said plurality of bus electrodes applying 
driving voltage to a top electrode of an electron source 
element in a first direction among the plurality of 
electron source elements, 

said method comprising: 

a step 1 of forming the bottom electrode; 
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a step 2 of forming the insulating layer; 

a step 3 of forming a thin conductive film on the 
bottom electrode and the insulating layer; 

a step 4 of selectively forming a thick film 
electrode on the thin conductive film; 

a step 5 of forming the thin film electrode by 
selectively patterning the thin conductive film; and 

a step 6 of forming a top electrode that is 
electrically connected to the thin film electrode. 

15. A method of manufacturing a thin film type 
electron emitter according to claim 14, wherein in the step 
3 of forming the thin conductive film, the thin conductive 
film is formed so that a film thickness of the thin 
conductive film becomes less than or equal to ten times as 
thick as a film thickness of the top electrode. 

16. A method of manufacturing a thin film type 
electron emitter according to claim 14 or 15, wherein in 
the step 4 of selectively forming the thick film electrode, 
an open area where the insulating layer is exposed is 
formed in the thick film electrode; 

in the step 5 of selectively patterning the thin 
conductive film, an open area where the insulating layer is 
exposed is formed in the thin film electrode; and 

in the step 6 of forming the top electrode, the top 
electrode is formed so as to cover the thin film electrode 
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that is exposed in the open area provided on the thick film 
electrode . 

17. A method of manufacturing a thin film type 
electron emitter according to any of claims 14 to 16, 
wherein in the step 4 of selectively forming the thick film 
electrode, the thick film electrode is formed by any of 
plating, sputtering, vacuum evaporation, chemical vapor 
deposition, and screen printing. 

18. A method of manufacturing a thin film type 
electron emitter comprising: a plurality of electron source 
elements, each of which has a structure in which a bottom 
electrode, an insulating layer, and a top electrode are 
laminated in this order, and each of which emits an 
electron from a surface of the top electrode when applying 
positive voltage to the top electrode; and a plurality of 
bus electrodes comprising a thin film electrode integrated 
with the top electrode, and a thick film electrode that is 
provided on the thin film electrode, and that has a film 
thickness thicker than that of the thin film electrode, - 
said plurality of bus electrodes applying driving voltage 
to a top electrode of an electron source element in a first 
direction among the plurality of electron source elements, 

said method comprising: 

a step 1 of forming the .bottom electrode; 
a step 2 of forming the insulating layer; 
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a step 3 of forming a thin conductive film on the 
bottom electrode and the insulating layer; 

a step 4 of forming a thick conductive film on the 
thin conductive film; 

a step 5 of forming the thick film electrode by 
selectively patterning the thick conductive film; and 

a step 6 of forming the thin film electrode and the 
top electrode by selectively patterning the thin conductive 
film. 

19 . A method for manufacturing a thin film type 
electron emitter according to claim 18, wherein in the step 
5 of selectively patterning the thick conductive film, an 
open area where the insulating layer is exposed is formed 
in the thick film electrode. 

20. A method of manufacturing a thin film type 
electron emitter according to claim 18 or 19, wherein in 
the step 4 of forming the thick conductive film, the thick 
conductive film is formed by any of plating, sputtering, 
vacuum evaporation, chemical vapor deposition, and screen- 
printing. 

21. A method of manufacturing a thin film type 
electron emitter comprising: a plurality of electron source 
elements, each of which has a structure in which a bottom 
electrode, an insulating layer, and a top electrode are 
laminated in this order, and each of which emits an 
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electron from a surface of the top electrode when applying 
positive voltage to the top electrode; and a plurality of 
bus electrodes comprising a thin film electrode integrated 
with the top electrode, and a thick film electrode that is 
provided on the thin film electrode, and that has a film 
thickness thicker than that of the thin film electrode, 
said plurality of bus electrodes applying driving voltage 
to a top electrode of an electron source element in a first 
direction among the plurality of electron source elements, 
said method comprising: 

a step .1 of forming the bottom electrode; 

a step 2 of forming the insulating layer; 

a step 3 of forming a thin conductive film on the 
bottom electrode and the insulating layer; 

a step 4 of selectively forming a thick film 
electrode on the thin conductive film; and 

a step 5 of forming the thin film electrode and the 
top electrode by selectively patterning the thin conductive 
film. 

22. A method of manufacturing a thin film type 
electron emitter according to claim 21, wherein in the step 
4 of selectively forming the thick film electrode, an open 
area where the insulating layer is exposed is formed in the 
thick film electrode. 

23. A method of manufacturing a thin film type 
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electron emitter according to claim 21 or 22, wherein in 
the step 4 of selectively forming the thick conductive film, 
the thick conductive film is formed by any of plating, 
sputtering, vacuum evaporation, chemical vapor deposition, 
and screen printing. 

24. A display device comprising: 

a first substrate comprising a plurality of electron 
source elements, and a plurality of bus electrodes applying 
driving voltage to an electron source element in a first 
direction among the plurality of electron source elements; 

a frame glass; and 

a second substrate having phosphor, 

wherein a space surrounded by the first substrate, 
the frame glass, and the second substrate is allowed to be 
a vacuum atmosphere; and 

each bus electrode of the first substrate comprises: 
a thin film electrode electrically connected to 
an electrode of each of the electron source elements, said 
thin film electrode having a film thickness that is less 
than or equal to a film thickness of the electrode of the 
electron source element; and 

a thick film electrode electrically connected 
to the thin film electrode, said thick film electrode 
having a film thickness thicker than that of the thin film 
electrode . 
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25. A display device according to claim 24, wherein 
the thick film electrode is a metallic layer that is formed 
by any of plating, vacuum evaporation, chemical vapor 
deposition, and screen-printing. 

26. A display device comprising: 
a first substrate including: 

a plurality of electron source elements, each 
of which has a structure in which a bottom electrode, an 
insulating layer, and a top electrode are laminated in this 
order, and each of which emits an electron from a surface 
of the top electrode when applying positive voltage to the 
top electrode; and 

a plurality of bus electrodes that apply a 
driving voltage to a top electrode of an electron source 
element in a first direction among the plurality of 
electron source elements; 

a frame glass; and 

a second substrate having phosphor, 

wherein a space surrounded by the first substrate, 
the frame glass, and the second substrate is allowed to be 
a vacuum atmosphere; and 

wherein each bus electrode of the first substrate 
comprises : 

a thin film electrode electrically connected to 
the top electrode; and 
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a thick film electrode provided on the thin 
film electrode, said thick film electrode having a film 
thickness thicker than that of the thin film electrode. 

27. A display device according to claim 26, wherein 
the thin film electrode has a film thickness that is less 
than or equal to ten times as thick as a film thickness of 
the top electrode. 

28. A display device according to claim 26 or 27, 
wherein each of the thin film electrode and the thick film 
electrode has an open area where the insulating layer is 
exposed; 

the open area, which is provided in the thick film 
electrode, is larger than the open area provided in the 
thin film electrode; and 

the top electrode is provided so as to cover the 
thin film electrode that is exposed in the open area 
provided in the thick film electrode. 

29. A display device according to any of claims 26 
to 28, wherein the thick film electrode is a metallic layer 
that is formed by any of one of plating, vacuum evaporation, 
chemical vapor deposition, and screen-printing. 

30. A display device comprising: 
a first substrate including: 

a plurality of electron source elements, each 
of which has a structure in which a bottom electrode, an 
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insulating layer, and a top electrode are laminated in this 
order, and each of which emits an electron from a surface 
of the top electrode when applying positive voltage to the 
top electrode; and 

a plurality of bus electrodes that apply a 
driving voltage to a top electrode of an electron source 
element in a first direction among the plurality of 
electron source elements; 

a frame glass; and 

a second substrate having phosphor; 

wherein a space surrounded by the first substrate, 
the frame glass, and the second substrate is allowed to be 
a vacuum; and 

wherein each bus electrode of the first substrate 
comprises : 

a thin film electrode that is integrated with 
the top electrode; and 

a thick film electrode provided on the thin 
film electrode, said thick film electrode having a film 
thickness thicker than that of the thin film electrode. 

31. A display device according to claim 30, wherein 
the thick film electrode has an open area that is provided 
in an area where the insulating layer is formed. 

32. A display device according to claim 30 or 31, 
wherein the thick film electrode is a metallic layer that 
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is formed by any of plating, vacuum evaporation, chemical 
vapor deposition, and screen-printing. 
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ABSTRACT 

A thin film type electron emitter comprises a 
plurality of electron source elements, each of which has a 
structure in which a bottom electrode (11) , an insulating 
layer (12) , and a top electrode (13) are laminated in this 
order, and each of which emits electron from the surface c 
the top electrode when applying a positive voltage to the 
top electrode; and a plurality of the bus electrodes that 
apply the driving voltage to the top electrode of the 
electron source element in the first direction among the 
plurality of electron source elements. Each of the bus 
electrodes comprises a thin film electrode (15) 
electrically connected to the top electrode; and a thick 
film electrode (16) that is provided on the thin film 
electrode, and that has a film thickness thicker than that 
of the thin film electrode. 

Additionally, the thin film electrode has a film 
thickness that is almost the same as that of the top 
electrode. Moreover, each of the thin film electrode and 
the thick film electrode has an open area where the 
insulating layer is exposed. In addition to it, the open 
area, which is provided in the thick film electrode, is 
larger than the open area provided in the thin film 
electrode. The top electrode is provided so as to cover 
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the thin film electrode that is exposed in the open area 
provided in the thick film electrode. 

This prevents an increase in resistance of the bus 
electrode for power supply that applies the driving voltage 
to the electron source element, and also prevents the top 
electrode from being broken along the edge of the thin film 
electrode in the electron-emitting portion. 
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